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.  Statement  of  the  Problem  Studied 


The  objective  of  this  research  was  to  pursue  additional  developmental 
research  on  the  technique  of  Scanning  Photoacoustic  Microscopy  (SPAM),  a  new  NDE 
technique  which  was  initiated  at  WSU  and  had  been  first  developed  here  under  ARO 
support.  A  joint  experimental /theoretical  program  of  research  was  proposed, 
including  Instrumental  development,  initiation  of  studies  in  the  time  domain,  and 
three-dimensional  thermal  diffusion  and  scattering  calculations  for  subsurface 
flaws. 

B.  Summary  of  the  Most  Important  Results 

-  Considerable  improvements  have  been  achieved  in  the  design  of  the 
photoacoustic  microscope,  including  new  sample  cells,  and  better  microcomputer 
hardware,  firmware  and  software  for  the  scan  control  and  data  acquisition.  The 
ND:YAG  laser  system  has  been  made  operational  and  has  been  used  to  obtain 
preliminary  data  in  the  development  of  a  time-domain  photoacoustic  microscope 
(pulse-echo  thermal  wave  imaging).  Scan  control  instrumentation  has  been 
developed  for  this  instrument,  as  well  as  electronics  for  data  acquisition  in  the 
time  domain.  Theoretical  calculations  of  pulsed  thermal  wave  propagation  and 
scattering  have  been  carried  out  for  comparison  with  experiment. 

Calculations  for  photoacoustic  signals  (cw)  from  model  subsurface  defects 
have  been  carried  out  and  compared  with  experimental  results.  A  key  result  is 
the  theoretical  prediction,  and  experimental  verification  that  closed  subsurface 
lateral  cracks  have  a  very  characteristic  photoacoustic  phase  signature  which 
allows  their  discrimination  from  subsurface  voids  (or  open  cracks).  Calculations 
have  also  been  carried  out  for  subsurface  spherical  voids  and  tilted  closed 
cracks.  These  calculations  themselves  were  made  possible  because  of  our 
development  of  a  very  general  theorem  for  SPAM  using  gas-filled  cells,  which 
greatly  simplifies  the  theoretical  calculations  of  the  effects  of  thermal  wave 
scattering  from  arbitrarily  shaped  flaws  In  solids.  , 

Because  of  the  potential  technological  applications  of  our  research,  we  were 


invited  to  make  presentations  at  the  ASM/AIME  Sponsored  Symposium  on  Navel  NDE 
Methods  for  Materials,  held  in  Dallas,  Texas,  February  15-16,  1982,  in  addition 
to  two  U.S.  Army  sponsored  symposia:  The  Track  and  Suspension  R&D  Symposium, 
Troy,  Michigan,  March  29-30,  1982  and  the  TACOM/Depot  Conference  on 
Nondestructive  Inspection/Automatic  Test  Equipment,  Warren,  Michigan,  May  19-20, 
1982.  Collaboration  continued  throughout  the  period  of  this  Contract  with 
Dr.  Rose  of  TACOM,  who  is  assembling  a  photoacoustic  microscope  in  his 
laboratory. 

Two  Dissertations  were  approved  during  the  period  of  this  contract:  "The 
Development  of  a  Scanning- Photoacoustic  Microscope,"  John  J.  Pouch,  Ph.D. 
Dissertation,  Wayne  State  University,  approved  September  2,  1981,  and  "Surface 
and  Subsurface  Flaw  Detection  in  Ceramic  Silicon  Carbide  and  Silicon  Nitride 
Using  Scanning  Photoacoustic  Microscopy,"  Lorretta  J.  Inglehart,  M.Sc.  Thesis, 
Wayne  State  University,  approved  March  11,  1982. 
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